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In the recent work [Phys. Rev. D 91 , 111702(R) (2015)], C. Hill concludes that the axion elec¬ 
tromagnetic anomaly induces an oscillating electron electric dipole moment of frequency m a and 
strength ~ 10 -32 e cm, in the limit v/c —>• 0 for the axion field. Here, we demonstrate that a proper 
treatment of this problem in the lowest order yields no electric dipole moment of the electron in 
the same limit. Instead, oscillating electric dipole moments of atoms and molecules are produced 
by different mechanisms. 
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In Ref. [1], it is concluded that the axion electro¬ 
magnetic anomaly induces an oscillating electron elec¬ 
tric dipole moment (EDM) of frequency m a and strength 
~ 10- 32 e cm, in the limit v/c —» 0 for the axion field, 
which is several orders of magnitude stronger than the 
axion-induced oscillating EDMs of nucleons induced by 
the Quantum Chromodynamics (QCD) anomaly [2], and 
the axion-induced oscillating EDMs of atoms due to the 
QCD anomaly, as well as the derivative interaction of the 
axion field with atomic electrons [3-5]. We disagree with 
Ref. [1] for the following reasons: 

(1) The EDM of an elementary particle is defined by 
the linear energy shift that it produces through its inter¬ 
action with a static applied electric field: 5e = —d • E. 
As we show below, the interaction of an electron with a 
static electric field, in the presence of the axion electro¬ 
magnetic anomaly, in the lowest order does not produce 
an energy shift in the limit v/c —> 0. This implies that 
no electron EDM is generated by this mechanism [6]. 

(2) In the non-relativistic limit, the electron EDM is 
fully screened in a neutral composite system [7]. Indeed, 
it is the atomic or molecular EDM that is actually mea¬ 
sured in an experiment. This induced EDM appears due 
to the relativistic corrections for the interaction of the 
electron EDM with the atomic/molecular electric field 
[8, 9]. Such an interaction with the static electric field 
vanishes within the approach of Ref. [1]. Therefore, a 
fully relativistic treatment for both the electron EDM 
and atomic/molecular EDMs induced by the axion field 
is necessary. 



FIG. 1. Feynman diagram for the interaction of an electron 
with a static electric field (bold cross), in the presence of the 
axion electromagnetic anomaly. 


In the limit v/c -A 0, the interaction of an electron 


with a static applied electric field, in the presence of 
the axion electromagnetic anomaly due to the axion field 
a(t) — ao cos (m a t) (represented by the Feynman diagram 
in Fig. 1), has the amplitude: 
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with the axion 4-momentum p u — (m a , 0) and the 
dressed electromagnetic vertex = Fi(q 2 )j p + 

iF2(q 2 )(J pu q u /2m , where F\ and F 2 are the Dirac and 
Pauli form factors, respectively, of the electron. Note 
that the energy shift and applied electric field are gauge- 
invariant quantities, meaning that the EDM is also 
gauge-invariant. Since the axion-induced EDM is inde¬ 
pendent of the choice of gauge, we choose the simplest 
gauge: V — —E r , A — 0, in which the polarisation 
vector is purely timelike: s p — (e°,0). In this gauge, 
it is evident that two of the indices in the antisymmetric 
Levi-Cevita tensor £ upap in Eq. (1) are forced to be equal 
(v = p = 0), meaning that the amplitude associated with 
the process in Fig. 1, as well as the resulting EDM of the 
electron, both vanish in the limit v/c -4 0: 

M = 0 => d e = 0. (2) 

In the case of a slowly changing applied electric field, 
the 4-potential may be presented as A p = ( V , A ), where 
V(r, t) = —E(t ) • r, A(r,t) — — (dE(t)/dt)r 2 /4. For an 
oscillating applied electric field, corrections are propor¬ 
tional to the electric field oscillation frequency u and are 
suppressed by the small parameter uj/m e . 

The fact that the effect is zero for the static electric 
field also follows from Eq. (5) in Ref. [1]. Indeed, the 
virtual photons for a static electric field are longitudi¬ 
nal, with the polarisation vector e directed along the mo¬ 
mentum kf (since the electric force and the momentum 
transfer kf are directed along the electric field, contrary 
to the free photon case where the polarisation vector e 
is perpendicular to kf). In this case, the antisymmetric 
tensor £ upC r P £ u kf vanishes. The calculation with a trans¬ 
verse photon presented in Ref. [1] actually corresponds to 
the conversion of an axion to a photon in the magnetic 
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field of an electron (which has no relation to the electron 
EDM). 

However, axions may induce oscillating EDMs in para¬ 
magnetic atoms and molecules through three possible 
mechanisms (mechanisms (I) and (II) have been inves¬ 
tigated in Refs. [3-5]): 

(I) Axion-induced oscillating nuclear Schiff and mag¬ 
netic quadrupole moments, which are induced primarily 
through the P,T-violating NN interaction mediated by n 
exchange, and also through the intrinsic nucleon EDMs, 
both due to the QCD anomaly. 

(II) The derivative interaction of the axion field with 
atomic/molecular electrons. 

(III) Perturbation of the electron-nucleon Coulomb in¬ 
teraction by the axion electromagnetic anomaly (Fig. 2). 



FIG. 2. Feynman diagram for the interaction of 
atomic/molecular electrons and nucleons, perturbed by the 
axion electromagnetic anomaly. 
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